Model-based analysis of elementary Ca(2+) release events in skinned mammalian skeletal muscle fibres.
Using high temporally and spatially resolved confocal laser scanning microscopy, we have recently demonstrated the existence of elementary Ca(2+) release events (ECRE) in chemically and mechanically skinned fibres from adult mammalian skeletal muscle. Here, we present a first approach to the analysis of mammalian ECRE with a spatio-temporal mathematical model of Ca(2+) ion distribution in skinned muscle fibre preparations. The differential equations for the main processes, including sarcoplasmic reticulum Ca(2+) handling, are solved in a 2-D cylindrical geometry by the method of explicit finite differences. By calculating the various spatio-temporal ion concentrations as well as the theoretical fluorescence signals for confocal microscopy, corrected for the point spread function, the model output can be directly correlated with the experimental data. Thus, the basic features of mammalian ECRE were successfully reproduced with our model. In particular, under our model assumptions a considerable depletion of luminal free calcium is predicted even for short spark-like ECRE. For a full understanding of the molecular and sub-cellular events responsible for EC coupling it is vitally important to combine the experimental and modelling approaches to elucidate the contribution of mammalian ECRE to the global Ca(2+) release and its alteration under various physiological and also pathophysiological conditions.